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pathologies of this cell type.
Studies on phenotype regulation in neural retina cells (1) (2) (3) (4) have shown that Muller glia change into a lens-like cell type when they are detached from neurons and deprived of normal cell associations; they accumulate cytoplasmic and membrane lens antigens and form lentoids (lens-like structures) (5) (6) (7) . In considering why such deregulated Muller cells tend to change in this particular direction, we examined whether normal Muller glia cells expressed lens products; it had been suggested (8) that low levels of lens antigens in certain non-lens eye cells may predispose them to lentoidal modification. We report here that Muller glia cells in mature and embryonic retina bind antibodies generated to a lens fraction enriched for a-crystallin, a major lens protein (9) (10) (11) . Since these antibodies and the molecules to which they bind can be useful in various studies on development, regulation, and pathologies of the retina and of Muller glia cells, we briefly describe here our observations.
MATERIALS AND METHODS
Antigen and Antisera. The water-soluble extract of adult chicken lens was fractionated on a Sephacryl S-200 column (10) . The peak containing predominantly a-crystallin was dialyzed against H20 and then was lyophilized. This material will be referred to as a-fraction; it was dissolved in physiological salt solution, mixed with complete Freund's adjuvant, and injected subcutaneously into BALB/c mice (three weekly injections, each 100 ug of protein). Antiserum collected beginning 1 week after the last injection was examined by the immunoblotting technique against a-fraction that had been electrophoresed in NaDodSO4/polyacrylamide gel; there was a strong reaction with a double band in M, 20 ,000 region, previously identified (11) as the A and B subunits of acrystallin, and a weaker but consistent reaction with 4-5 unidentified bands at higher Mr (Fig. 1) . This antiserum will be referred to as a-antiserum. Other antisera used included sheep antiserum to chicken a-crystallin preparation (afraction) and rabbit antiserum to mouse a-crystallin preparation, both provided by J. Piatigorsky, and rabbit antisera to Immunohistochemistry. Antibody binding to cells was investigated by immunofluorescence histochemistry on sections of neural retina tissue from chicken and other species. Tissue was fixed in Carnoy's fixative and embedded in paraffin; hydrated sections were reacted with the antisera diluted 1:25 in a buffer solution. Detection of antibody binding was by the standard indirect immunolabeling procedure using appropriate second antibody tagged with fluorescein isothiocyanate (12) .
RESULTS
Mature Muller glia cells have a characteristic morphology that varies somewhat in different species but is always distinct from that of the neurons (13). They can be selectively visualized by immunostaining for marker enzymes (12, 14, 15) . They span the width of the retina from the outer to the inner limiting membrane and extend radial processes to the inner boundary of the tissue terminating in "end-feet;" in avian retina these processes appear as numerous fine arborizations (Fig. 2b) . (12, 14) . Immunostaining with a-antiserum selectively visualized Muller cells at this stage of development (Fig. 3 a and b) . There was no detectable reaction with neuronal cells. Also in retina of 10-and 8-day embryos a-antiserum selectively immunostained the Muller fibers.
The retina of 4-day chicken embryo is not yet stratified and consists of early neuroblasts and glioblasts that cannot be unequivocally distinguished by presently available methods (Fig. 3d) . Immunostaining with a-antiserum resulted in fluorescence of slender, fiberlike cells which extended across the tissue (Fig. 3e) . Cajal (13) noted similar cells in silverimpregnated embryonic retina and referred to them as early Muller fibers.
In 2.5-day chick embryo, the future neural retina is represented by the neuroepithelium of the optic cup facing the lens primordium (Fig. 3f) . Even at this stage, some of the neuroepithelial cells immunostained with a-antiserum, especially their basal portions facing the lens primordium (Fig.  3g) . The outer layer of the optic cup (which later gives rise to the pigment epithelium of the retina) also contained cells that immunostained with a-antiserum (Fig. 3g) ; their exact identity and developmental fate are not known.
Therefore, starting with very early embryonic stages, certain cells in the developing retina express molecules with an affinity for antibodies to the a-fraction of lens. Since in later embryonic and in mature retina these antibodies selectively bind to Muller glia cells, it is likely that at early stages these antibodies identify the progenitors of Muller cells. If this is the case, then a-antiserum reveals a marker that is present in prospective as well as in definitive Muller glia cells and, hence, can be useful in studies on the early ontogeny of this cell lineage.
COMMENT Muller glia cells in mature and embryonic retina express molecules that bind antibodies raised against a-fraction (a lens fraction enriched for a-crystallin). The identity of these marker molecules remains to be clarified; at present, their Neural retina tissue has been reported to contain low levels of mRNA for lens crystallins (16, 17) ; hence, it is possible that the Muller cell marker detected by antisera to a-fraction is a product coded for by a-crystallin genes. This possibility is Proc. Nad Acad Sci. USA 82 (1985) presently subject to important qualifications. First, the Muller glia marker may be only partly coantigenic with a-crystallin; for example, there is extensive amino acid sequence homology between a-crystallin and certain heatshock proteins (18) (19) (20) . The methods by which the Muller glia marker was detected do not address this issue. Second, a-crystallin preparations, including those used in this study, contain small amounts of unidentified, apparent contaminants; antibodies to such contaminants may have been responsible for the reaction of the a-antisera with Muller cells. Characterization of the Muller cell marker should provide answers to these questions. Pending this information, the finding that antibodies to lens a-fraction identify Muller glia cells in the retina of different species and of embryos is of immediate practical usefulness in studies on development, function, and modification of these cells.
